Objetivo: Comparar a eficácia antimicrobiana de clorexidina 0,12% (CHX) e solução de chá verde (CV) (Camellia sinensis) em biofilmes formados em diferentes tensões de oxigênio em um modelo in situ. Método: Vinte e cinco estudantes de odontologia foram elegíveis. Um dispositivo com espécimes de esmalte (EE) padronizados, voltado para o palato e para vestibular foram inseridos nos voluntários por 7 dias. Durante os primeiros quatro dias nenhum agente foi aplicado. A partir do quinto dia, ambos os agentes foram aplicados nos EEs no grupo teste e nenhum agente foi aplicado no grupo EE controle. Após 7 dias, os fragmentos EEs foram removidos dos dispositivos, sonicados, plaqueados em ágar, e incubado durante 24 h a 37 °C para determinar unidades formadoras de colonias (UFCs). Resultado: CHX teve significativamente melhor eficácia em comparação com CV nos EEs para vestibular (1.330 vs. 2.170 UFC/mL) e EEs voltados para o palatal (2.250 vs. 2.520 UFC/mL). Comparações intragrupos mostraram maior eficácia em EEs vestibulares do que as EEs voltadas para o palato (1.330 vs. 2.250 UFC/mL para CHX e 2170 vs, 2520 UFC/mL para CV) em ambas as soluções. Análise dos controles, mostrou a formação de biofilme significativamente maior em comparação com EEs palatinas e bucais. Conclusão: CHX tem uma eficácia maior do que o chá verde em biofilmes formados por 4 dias. A eficácia dos agentes foi reduzida para os biofilmes em ambiente com baixa tensão de oxigênio. A tensão de oxigênio parece influenciar na eficácia dos agentes testados.
INTRODUCTION
Dental biofilm is composed of extracellular exopolymers from bacteria permeated by bacterial products, saliva, and gingival exudate 1 .
On the tooth surface, the initial bacterial colonizers allow other bacteria that do not have direct adhesion to the substrate to colonize the tooth surface through specific interactions 2 . This allows bacteria with contrasting characteristics, such as aerobic and anaerobic bacteria, to survive together in a microaerophilic environment created by the oxygen consumed by the aerobic bacteria in the inner layers Rev Odontol UNESP. 2016 Sept-Oct; 45(5): 302-307
Oxygen tension during biofilm growth... 303 of the biofilm 3 . It has been hypothesized that biofilms that grow under conditions of oxygen deprivation, such as the subgingival biofilms that are etiologic agents of destructive periodontal diseases, can show qualitative and quantitative differences that also result in differences in their pathogenicity potential 2, 3 . Furthermore, influences in the oral cavity, such as, decreased saliva flow in the dental substrate can increase bacterial activity in dental biofilm 3 .
Antimicrobial resistance is, perhaps, one of the most striking features of bacteria structured as a biofilm 4 . Mechanical disruption of supragingival biofilm with fluoridated toothpaste is known to be the most effective form of oral hygiene for maintaining a balance between dental health and gingivitis. However, a large percentage of the population fails in performing routine oral hygiene self-care at home 2, 3 . Chemical agents have been studied to minimize failures in oral hygiene. Among those agents, chlorhexidine (CHX) is considered the gold standard agent for reducing biofilm formation 5 . However, its effectiveness appears to be reduced with biofilm already established on the tooth surface. Zaura-Arite et al. 6 exposed biofilms, that had been established for 24 h and 48 h, to 0.2% CHX and found that the compound was ineffective on deeper biofilm layers. Another study, using in situ model devices, has corroborated these findings with established biofilms 7 .
The natural products trade has increased in recent years, and green tea (C. sinensis) has been shown to have therapeutic effects and biological activity in the treatment of systemic diseases 8 . Recently, green tea has been investigated for its antimicrobial efficacy due to the action of components such as polyphenols and flavonoids 9 . Some authors have demonstrated that subgingival application of green tea, together with scaling and root planning, has shown better results than just scaling and root planning [10] [11] [12] . A preliminary, randomized clinical trial showed that green tea mouthwash was effective in reducing plaque and gingivitis scores 13 . Some evidence suggests that green tea extract has antimicrobial activity against anaerobic bacteria that are typically associated with periodontal diseases 10 and against cariogenic bacteria 14 . In addition, green tea inhibits the growth and adherence of Porphyromonas gingivalis 15 
,

Prevottela intermedia
12 and several other bacteria 16 . This evidence suggests that the natural product may inhibit the adhesion phase of biofilm formation. However, there is currently a lack of information regarding the effect of green tea on an established oral biofilm.
Since the biofilm formation process has different characteristics, based on the available oxygen environment, the aim of this study was to compare the antimicrobial effect of CHX 0.12% and a green tea solution on established biofilms formed under different oxygen tensions.
METHOD
This study used an in situ model with in vitro microbial analysis and was conducted between June and December, 2012. The research ethics committee of the Franciscan University Center (CAAE: 06782812.7.0000.5306) approved the study protocol. The volunteers were selected from graduate dental students at the UNIFRA dental college. Eligibility criteria included good general health, no use of any antimicrobial / anti-inflammatory drugs for at least 3 months prior to the start of the study, not being mouth breathers, no periodontitis (defined as a loss of attachment > 3 mm in at least 2 proximal sites), non-smokers, and having no allergies to the substances used in the study. Any individuals that exhibited an allergic reaction to the compounds after the study was initiated were subsequently withdrawn and excluded from the analysis.
In situ Devices
Intraoral devices were fabricated on plaster models of the upper arch, which were obtained by molding with alginate (Avagel  , Dentsply, Petrópolis, RJ, Brazil) and special plaster casting (Asfer  , São José, SP, Brazil). Eighty bovine incisors were obtained for the preparation of enamel specimens (ES). Teeth with cracks or grooves were discarded. Square ES were prepared (5 mm × 5 mm × 1 mm) using discs, drills, and a digital caliper (Jomarca  , Guarulhos, SP, Brazil). The ES were then autoclaved and packaged in a suitable container until use. Eight ES were inserted into each in situ device. Four fragments were placed in the palatal area (to allow limited access to oxygen) and four fragments were placed in contact with the free oral environment.
Tested Solutions
Two antiseptic solutions were tested: 0.12% Chlorhexidine (Periogard  , São Paulo, SP, Brazil); and, a manipulated solution of 10% herbal green tea extract from the Camellia sinensis leaf. Dehydrated Camellia sinensis leaves (Yamamotoyamar  , São
Miguel Arcanjo, Brazil) were obtained commercially. The green tea extract solution contained the following: 10% dry Camellia sinensis (Yamamotoyamar  , São Miguel Arcanjo, Brazil) leaf extract, 0.05% sodium fluoride, 0.15% mint aroma, 0.01% green dye, 0.01% sucralose, 0.1% EDTA, 0.5% nipagim solution/Nipasol, and water. The two solutions were delivered, in two distinct identified glasses with screw caps and application droppers, in order to apply them. In addition, a specially formulated toothpaste and a bottle containing saline solution were given to each participant. Both the green tea extract solution and the toothpaste were produced by a compounding pharmacy (Dermapelle  , Santa Maria, RS, Brazil).
Experimental Procedures
Two days befor the baseline assessment, volunteers began to use a toothpaste without fluoride or active compounds. At baseline, in situ devices were inserted into volunteers and maintained in them for 7 days. Participants were told to remove the devices only for meals, oral hygiene, and application of solutions (requiring immersion of the devices in the saline solution) during the study period. The participants were also instructed not to apply any solution to the devices during the first four days of the study (period of biofilm formation and maturation). The 21 participants were instructed to add one drop of each solution to the respective ES (on the palatal and bucal sides), every 12 hours (twice a day), starting on the fifth day. ES #1 received the 0.12% CHX solution, ES #4 received the green tea extract solution, and ES #2 and #3 were controls that did not receive either solution (biofilm only) (Figure 1 ).
At the time of installation of the in situ devices, all participants received a detailed explanation of every step of the experiment. A written protocol containing detailed explanations of all steps and solutions was also provided. The experimental design is summarized in Figure 2 . After the 7 day study period, the devices were removed from the oral cavity and each ES was analyzed in the laboratory.
For the bacterial vitality analyses, ES were removed from the in situ devices using tweezers and a spatula, and immediately were placed in test tubes with screw caps, each containing 5 ml of saline solution. Tubes were then sonicated (Ultrasonic Washer USC3380A, 37KHz, Unique, Brazil) for 15 min to detach bacteria that were adhered to the enamel surface. The sonication time of 15 min was previously determined in a pilot study that investigated the optimal time for detaching bacteria from the ES without resulting in significant cell death. After the samples were sonicated they were diluted in 0.9% NaCl and then a serial dilution was performed for each suspension. The diluted suspensions were plated on nutrient agar and incubated in aerobiosis for 24-48 h at 37 °C to determine and quantify the number of colony forming units (CFUs). The examiner analyzed the CFUs on plates in blinded fashion.
Intra-examiner Reproducibility
Prior to the beginning of the study, a training session was conducted for determining the viable cell count. During this process, the examiner analyzed petri dishes containing CFUs and compared the results with those of an expert examiner until there was agreement between the results. The trained examiner then calibrated the process by counting 5 plates in duplicate in a blinded fashion at an interval of 1 hour for each plate. This calibration process resulted in an intraclass correlation coefficient of 0.92.
The number of ES used for the application of each agent was determined in a pilot study where a mean difference of 2500 CFUs with a standard deviation of 3500 CFUs was found between the buccal and palatal side for each agent. Based on this mean difference, 80% beta, 5% alpha, and a paired design, it was estimated that 17 ES were needed on both the buccal and palatal sides, for each agent.
When we included a dropout estimate, it was determined that 25 ES were needed on both the palatal and buccal sides. Therefore, we recruited 25 volunteers to participate in this study.
Data Analysis
The microbiological data analysis was presented using absolute and relative frequencies obtained from the palatal and lingual sides treated with the different agents. Different experimental groups were compared using analysis of variance (ANOVA) for repeated measures, and then ranked for analysis using a post-hoc Tukey test. For comparisons between the buccal and palatal sides receiving the same agent, a Student'spaired t-test was used. The statistical significance level was set at 5%. RESULT 25 volunteers were eligible for the study. However, 4 were excluded due to failure to utilize the in situ devices for the entire study period. The mean age of the participants who completed the study was 21.3 ± 2.3 years. There were 12 women and 9 men. Table 1 shows that the 0.12% CHX was significantly more effective for reducing CFUs than green tea on the buccal (1330 vs. 2170 CFUs/μl) and palatine sides (2250 vs. 2520 CFUs/μl), respectively. Both agents were significantly more effective than the controls that did not receive any solution. In addition, intragroup comparisons showed that the efficacy of both agents was significantly different between the buccal and palatal sides. 
DISCUSSION
The present study compared the efficacy of different agents on oral biofilms formed under different oxygen tensions. Our results showed that 0.12% CHX had significantly greater efficacy at reducing the CFUs than the green tea extract, the untreated, and the control. Moreover, our analysis found that both agents were less efficacious on the palatal side than on the buccal side.
Biofilm growth provides advantages for bacterial survival, including protection against competitive microorganisms, environmental factors (host defense mechanisms), and toxic substances in the environment (antimicrobial agents) 2, 3 . Moreover, the habitat has a strong effect on the composition, metabolic activity, and virulence factors of the microorganisms present. Subgingival biofilms present qualitative and quantitative differences compared to supragingival biofilms because they develop in periodontal pockets where oxygen levels are reduced 2, 3 . In order to simulate biofilm formation under different oxygen tensions, ES were inserted toward the palate and the oral cavity in the in situ device; thus, the ES facing the palate would have greater biofilm growth. This was confirmed by the greater number of CFUs that formed on the ES controls placed on the palatal side than on the buccal side. Furthermore, the fact that specimens facing the palate were less exposed to saliva may have influenced the results because of the important antimicrobial function 3 of the saliva. Our results showed that both agents had greater efficacy on the biofilms on the buccal side. It is possible that the lower efficacy observed with the palatal specimens was due to the higher number of bacterial cells present and the more dense exopolysaccharide matrix. Therefore, biofilms formed in environments with low oxygen tension seem to have greater resistance to antimicrobial agents. Ximénez-Fyvie et al. 17 showed that subgingival plaque is qualitatively and quantitatively different than supragingival plaque.
CHX is currently the gold standard agent for dentistry use. It is a bisdiguanide bi-positive salt with 12 hour substantivity, which means that it is maintained in certain environments and released gradually over 12 hours. In addition, CHX is a broad spectrum antimicrobial agent that acts on the bacterial cell wall and is effective against Gram positive, Gram negative, aerobic, and anaerobic bacteria as well as fungi and some viruses 18 . For this reason, CHX was used as the positive control in this study. Our results also confirmed the unique characteristics of CHX substantivity, since all ES received drops of either agent every 12 hours, which could have been too long for the optimal effects of the green tea extract. This was also supported by the greater efficacy of CHX compared to the green tea extract on both the buccal and palatal ES. However, 0.12% CHX has limited efficacy in the deeper layers of an established biofilmed compared to planktonic cultures 6 , and this reduced action against an established biofilm seems to be clinically important regarding gingivitis 19 .
Despite the lower efficacy of the green tea extract compared to CHX, our results demonstrated that the extract had a therapeutic effect on established biofilms compared to the control group (that did not receive any solution). The activity observed was most likely due to the polyphenols such as catechin found in the green tea leaf, which seem to affect the double layer of the cell membrane that is critical for bacterial resistance to antimicrobials as well as other cell functions 9 . Our results corroborate evidence demonstrating in vitro antimicrobial activity of green tea on various bacteria 15, 16 . Furthermore, the consumption of green tea can provide clinical benefits in the treatment of gingivitis 13, 20 and periodontitis with greater reductions in probing depth and gains in clinical attachment 9 . It is possible that this systemic effect is due to the powerful antioxidant effects of green tea, as it is known that oxidative stress plays an important role in the pathogenesis of periodontal diseases. Thus, it is thought that antioxidants may be beneficial in treating inflammatory diseases. Moreover, the systemic action of catechins seems to contribute to a decrease in the activity of proteinases 20 and a decrease in osteoclast formation 21 , thereby interfering with the normal course of periodontal diseases.
The microbiological techniques used in this study are widely evident and referenced in the literature 22 . However, one important limitation of this type of study is the high sensitivity for detecting aerobic microorganisms, but low sensitivity for detecting anaerobic microorganisms. Our results showed a higher number of bacteria on the palatal ES, which was probably due to the formation of biofilms containing a greater number of anaerobic bacteria as a result of the local microaerophilic conditions. Our results were most likely not affected by the technique used for counting bacteria. Furthermore, it is known that the gold standard for assessing the antimicrobial effect in biofilms is confocal laser scanning microscopy because it allows for identification of the location and three-dimensional structure of molecules labeled with fluorochromes, can differentiate viable and non-viable microorganisms, and allows for visualization of the spatial distribution of species within biofilms 3 .
The use of in situ models to evaluate the effect of topical antimicrobial agents in oral biofilms is a reliable experimental model 23 . These models can simulate biofilms that form on the surface of teeth and are exposed to different host protective factors present in the oral cavity. In this study, the effect of different solutions, on biofilms that had been growing for four days, was evaluated. This biofilm growth period was chosen due to the little change in quantitative and qualitative biofilm composition that occurs after four days of growth 24 . Additionally, after 4 days of biofilm growth, a visible dental biofilm layer forms. High percentages of visible supragingival biofilms have been observed clinically within this time frame 25 . Therefore, the four day growth period was chosen to simulate a real clinical situation widely confirmed in previous studies. However, because we evaluated a surogate outcome, our results cannot be extrapolated to clinical situations with real outcomes, such as the reduction of caries activity or gingivitis. The laboratory test, based on in situ biofilm models, of antiseptic substances can only simulate intra-oral situation. This is an important step in selecting the agent, which should be used in clinical studies 7 .
In conclusion, despite the study limitations we found that 0.12% CHX had better antimicrobial efficacy than green tea extract, and both agents were significantly better than the controls that did not receive either solution. However, oxygen tension appears to influence the effectiveness of the agents, which exhibited lower antimicrobial effect on biofilms grown under reduced oxygen conditions. Therefore, controlled clinical studies are needed to assess the clinical utility and efficacy of green tea extract.
